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Physical Education

Effects of Variable, Constant, and Accommodating Resistance on
Strength and Power of Adult Men (73 pp.)
Director:

Dr. Kathleen E. Miller

Three methods of training are currently recognized for increas
ing muscular strength and power throughout a full joint range of
motion:
constant, accommodating, and variable resistance exer
cises.
The purpose of this study was to determine if one method
was superior to another in effecting the strength and power of the
lower extremities.
Forty male subjects were randomly selected and assigned to one
of three resistance methods, however, only fifteen subjects were
used for data analysis.
The constant (N = 5), accommodating
(N = 5), and variable (N = 5) resistance groups used equipment
-manufactured by Universal Gym, Mini Gym, and Nautilus Sports/
Medical Industries, respectively.
The subjects trained three days
per week for seven weeks with a program of 3 sets of 8 to 10
repetitions utilizing the leg press, knee flexion, and knee ex
tension exercises on their assigned equipment.
After completion
of the seven week training program the subjects were tested for
lower extremity strength and power.
Strength was determined by
a Cybex II isokinetic dynamometer and power was assessed by the
Margaria/Kalamen test.
The data were analyzed using the Kruskal
Wallis One Way Analysis of Variance by Ranks.
The resistance methods compared in this study were not signifi
cantly different in their abilities to produce strength and power
of the lower extremities.
The results indicated that constant,
accommodating, and variable resistance exercises may be of equal
value in effecting muscular strength and power.
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CHAPTER 1

IHTRODTJCTION

Strength training is valued for the beneficial effects it has in
athletics and personal fitness.

Many health and physical education

professionals supplement their athletic programs with strength training
and recognize it as an integral part of any total fitness program.
Four methods are currently recognized for developing strength;
(1) static resistance (also known as isometrics; a static resistance
preventing movement of the skeletal lever system),

(2) constant resis

tance (also known as isotonics; a constant resistance allowing movement
of the skeletal lever systems),

(3) accommodating resistance (also known

as isokinetics; an accommodating resistance that varies through a
joint’s range of motion by controlling the speed of exercise), and
(4) variable resistance (an accommodating resistance that varies through
a joint’s range of motion by means of an oval shaped pulley).
Static resistance is the least effective method used to achieve
strength throughout the total joint range of motion (Gardner, 1963;
Lamb, 1978).

Although constant, accommodating and variable resistance

training are effective in increasing strength (Berger,

1965; Capen,

1950; DeLateur, Lehman, Warren, Stonebridge, Funita, Cokelet, & Egbert,
1972; O ’Shea, 1966; Peterson,

1975; Pipes, 1977),

is best, if any, is far from answered.

the question of which

Muscular strength, defined by

Lamb (1978), as "the greatest amount of force that muscles can produce
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in a single maximal effort" (p. 90) is a necessary component of many
athletic games and events.

Strength training enhances muscular fitness

by means of good posture maintenance, prevention of skeletal and joint
injury, and increased task efficiency.

Muscular strength, hypertrophy,

force and power can be obtained from strength training.

Although these

positive effects are well known, the most desirable method to obtain
them is not known (constant, accommodating, or variable resistance).

A

knowledge of the most effective method of strength training is important
if strength is to be achieved and retained by the most efficient means
possible.
This study has been designed to answer two questions;

(1) Is

there a superior method of strength training for increasing the strength
of the lower extremities? and (2) Is there a superior method of strength
training for increasing lower extremity power?

Null Hypothesis

There is no significant difference in lower extremity strength and
power among constant, accommodating and variable resistance training
after completing a seven week training program of three sets of eight
to ten repetitions using Universal Gym, Mini Gym and Nautilus equipment.

Experimental Hypothesis

There is a significant difference in lower extremity strength and
power among constant, accommodating and variable resistance training
after completing a seven week lower extremity strength training program.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Level of Significance

The level of significance to accept or reject the hypothesis
was .05.

Limitations

The final number of subjects used for data analysis was small
because of subject attrition and poor attendance.
The physical and recreational activities of the subjects were not
controlled outside of this study’s training program.
The genetic physical characteristics of the subjects (muscle fiber
type, size and lever arrangement) were not controlled.
The psychological component of strength (motivation) was not
controlled.
The nutritional practices and diets of the subjects were not
controlled.

Delimitations

The random sampling was taken from a population of male college
students enrolled in Health and Physical Education classes during the
1981 spring term at the University of Montana in Missoula.
The subjects were not tested on the same day at the end of the
seven week training period.

Definitions

Accommodating resistance.

(Isokinetics), same speed.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

The

4
"mechanical means of receiving the full muscular force potential of a
body segment throughout a range of motion, but without permitting
acceleration to occur" (Hislop & Perrine,

1967, p. 116).

A resistance

that accommodates to the biomechanical changes that occur as a lever arm
passes through a range of motion.
Constant Resistance.

(Isotonics), same force (Chu & Smith,

1971).

"The resistance offered to the moving body segment (skeletal lever)
remains constant during the entire m o t i o n .... However, the resistance to
the muscle is not constant ... because of the modifying effects of the
lever system through which it must pass" (Hislop & Perrine,

1967,

p. 115).
Power.

"The rate of doing w o r k . ... The work output of muscles at

specific speeds of contraction"

(Hislop & Perrine,

Power is the time rate of doing work.

1967, p. 114).

It is the mathematical product

of force (F) and distance (D) divided by time (T):

P = (F x D)/T

(Miller, 1977).
Static resistance.

(Isometrics), same length (Chu & Smith,

1971).

Static resistance "occurs whenever the resistance acting on the skele
tal lever is of sufficient magnitude to prevent motion" (Hislop &
Perrine,

1967, p. 115).

move its lever arm.
object.

A muscle contracting isometrically does not

The muscle exerts a force against an immovable

Therefore, no mechanical work is done (work = force x

displacement).
Torque.

A force which acts about an axis of rotation.

The mathe

matical product of a force times its perpendicular distance from the
axis of rotation (Moffroid, Whipple, Hofkosk, Lowman, & Thistle,
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5
Variable resistance.

A resistance that varies as it is moved

through the range of motion of an exercise.

The resistance is varied

by means of an oval shaped pulley.
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CHAPTER 2

REVIEW OF T H E LITERATURE

Strength training has been studied thoroughly during the past half
century.

Many investigators have focused their efforts on the method

and protocol used to gain strength (Berger,
Smith,

1971; DeLorme,

1962c,

1967; Johnson,

1972;

Johnson, Adamezyk, Tennoe, & Stromme, 1976; Moffroid et al.,

1969;

O'Shea,
Wilmore,

1966; Pipes,
1974).

1945; Hislop & Perrine,

1963, 1965; Chu &

1977; Thistle, Hislop, Moffroid & Lowman,

1967;

Others have concentrated on the psychology and physi

ology of strength (Goldberg, Etlinger, Goldspink, & Jablecki,
Gollnick, Armstrong, Saubert, Piehl, & Saltin,

1972; Ikai

1975;

& Steinhaus,

1961; MacDougall, Sale, Moroz, Elder, Sutton & Howald, 1978).

These

and other research articles are discussed in this chapter.

Strength Training Methods

Static Resistance Exercise (SRE)
SRE was very popular in the 1950's and I960's.
in significant increases in strength (Berger 1962b,

SRE has resulted
1963; Gardner,

1963), but the strength gains were specific to the angle of the joint
exercised.

For this reason SRE was not included in the resistance

mode comparison of this study.

Constant Resistance Exercise (CRE)
CRE was effective in producing significant increases in strength

6
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(Berger,

1962a,

1963, 1965; Capen,

1950; O'Shea,

1966; Pipes, 1977).

However, Hislop and Perrine (1967) suggested that these changes in
strength did not occur throughout the full range of motion of a joint.
They reported that during CRE "the resistance offered to the moving body
segment (skeletal lever) remains constant during the entire motion ...
(but the) resistance
modifying effects
(p. 115).

to the muscle is not constant .,,

because ofthe

of the lever system through which it must pass

Because the resistance to the muscle is not constant several

things occur during CRE:

(1) the tension demand is maximum only during

a small portion of the joint's total range of motion,

(2) the resistance

is limited to the amount that could be moved through the weakest point
in the range of motion,

(3) the resistance is therefore greatest at the

beginning and end

of the range of motion and the least during the

midrange, and (4)

as a result, the speed of exercise varied.

These four

points are considered the disadvantages of CRE.
Recently another type of resistance training has been introduced
into the field of strength training.

Accommodating resistance exercise

(ARE), also known as isokinetics, features the control of speed and thus
eliminates the disadvantages that are associated with CRE.

Accommodating Resistance Exercise
ARE has received most of the attention in strength training during
the past decade.

Are is one of the most recent developments in the

field of strength development.
A muscular contraction during ARE is similar to the type of con
traction that occurs in CRE in that the joint is moved through its range

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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of motion.
vary.

However, during ARE the speed of limb movement does not

The speed is held constant by a special device.

Barnes (1980)

describes the isokinetic device as:
A device that keeps limb motion at a constant preselected
velocity.
Force applied by the subject is met by an equal
counter-force.
The lever arm of the dynamometer is
mechanically prevented from surpassing a preset and constant
speed.
Increased muscular output produces increased
resistance rather than increased acceleration and the
resistance developed is proportional to the dynamic tension
produced in the muscle at every point in its range of
shortening.
Maximal force applied by the subject is met
by a maximal resistance with the force applied being
recorded externally as torque (Barnes, 1980, p, 715),
Physical therapists Hislop and Perrine (1967), Moffroid et al,,
(1969), and Chu and Smith (1971) completed three studies that analyzed
the concepts and mechanics of ARE,

These studies revealed the unique

factors that separate ARE from other strength training methods.
uncommon factor in ARE is the control of speed.

The

During ARE an increase

in muscular output produces an increase in resistance rather than an
increase in acceleration, thus more energy may be used in muscular
exertion.

The muscle is therefore allowed to produce a maximal force

throughout every point in a j o i n t ’s range of motion.

Supplying a

resistance by controlling the speed of exercise is a unique feature of
ARE and is considered an advantage of ARE training.

Variable Resistance Exercise
Another resistance mode was introduced to the field of strength
training in 1970 that also featured an accommodating resistance, but,
without the use of speed control.

Variable resistance exercise fea

tures an accommodating resistance that is given by means of an oval

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

shaped pulley,
VRE varies the resistance load on a muscle as It contracts through
the range of motion (Darden, 1980; Pipes,

1977),

This is accomplished

by the use of an oval shaped pulley (also called a cam) that is designed
to "accommodate the strength curve of the average person for a particu
lar exercise" (Westcott,

1981, p, 115),

The strength curve of a muscle

represents the changes in strength that occur as a limb moves through
its full range of motion.

The oval shaped cam attempts to accommodate

to the changes in a musc l e ’s strength curve by changing and varying
the resistance load accordingly.

This occurs by changing the distance

from the c a m ’s axis of rotation to the point where the chain leaves the
cam (see Figure 1),

.10!;
»

Weight

The radius of the pulley (distance from the
axis of rotation to the point where the chain
leaves the pulley) changes as the knee is
extended,
(Diagram adapted from Westcott,
1981, p, 117),

Figure 1,

The VRE oval shaped pulley.
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Although there is little scientific verification, VRE has demonstrated
positive effects in changing strength (Pipes, 1977).
Many researchers have focused their efforts on the comparison of
resistance modes.

The following section addresses the research that has

been done in this area.

A Comparison of the Resistance Modes
ARE versus C R E .
training methods.

Several studies have compared ARE and CRE strength

Some (Pipes & Wilmore, 1975; Rosentswieg & Hinson,

1972; Thistle et al., 1967) found isokinetics to be a more effective
method for strength gain, while one (DeLateur et al.,

1972) found no

difference between the two.
There are many claims regarding the advantages of ARE.
include:

(1) accommodating resistance throughout the full range of

motion (Chu & Smith,
1969; Spackman,
Van Oteghen,

1971; Hislop & Perrine,

1971),

1974),

(3) contracting maximally at a pre-set velocity
1976; Hislop & Perrine,

1969), and (4) no muscle soreness

Durstine, & Grantham,
Van Oteghen,

1967; Moffroid et al.,

(2) specificity of exercise (Meisel, 1974;

(Chu & Smith, 1971; Counsilman,
et al.,

These

1967; Moffroid

(Gettman, Ayres, Pollock,

1979; Pipes & Wilmore,

1975; Spackman,

1971;

1974).

Thistle and associates
using SRE, CRE, and ARE.

(1967) trained subjects for eight weeks

The SRE group improved 9.2%, the CRE group

improved 27.5%, and the ARE group improved 35.4% in total work ability.
In this study, the authors suggested that ARE was superior to SRE and
CRE for quadriceps strengthening.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Pipes and Wilmore (1975) completed a study comparing ARE and CRE.
They found ARE to be superior to CRE in changing strength, body
composition, and motor performance.

They also found high speed ARE (180

degrees/second) as superior to low speed ARE (24 degrees/second) for
increasing strength.
at the .05 level.

All of these changes were statistically significant

This study has been used often as research supporting

the superiority of ARE.

However, Wilmore (1979) wrote a retraction to

the study because he believed the data were incorrectly analyzed.

His

retraction has invalidated the claims that have been made on the basis
of this research.
DeLateur and colleagues (1972) compared ARE and CRE in quadricep
strengthening.

They were careful to duplicate both training groups as

closely as possible (anatomical position, time rate of muscle contrac
tion, joint angles, and range of motion).

The results suggested that

for quadricep strengthening, ARE (using a Cybex machine) offered no
particular advantage over CRE.

They recommended CRE because it is

simple, nonmechanical, and inexpensive.
VRE versus C R E .
training procedures.

Pipes (1977) compared CRE and VRE strength
Although both training methods increased strength,

they did not differ significantly.

The studies that have compared the

resistance modes have not supported one as superior to another.
However, a major difference in muscle contraction exists among the
resistance modes.

CRE and VRE employ the use of eccentric muscle con

tractions while ARE does not.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Concentric versus Eccentric Muscle Contractions

Johnson (1972) compared eccentric and concentric muscle training
for strength development.

The eccentric and concentric training groups

statistically (p < ,01) Increased their strength after eight weeks of
training.

However, neither group was superior to the other.

Johnson

repeated the study In 1976 using an altered training and testing pro
tocol but the results did not differ from the Initial study (Johnson
et a l . , 1976).
Singh & Karpovich (1967) found that eccentric training of the
forearm extensors caused significant Increases In the strength of the
forearm flexors when measured concentrically, eccentrically, or static
ally.

Therefore, eccentric training may be an advantage of CRE and VRE,

but not of ARE.

Strength Training Programs

Much of the past research In strength training has studied
training programs.

The programs differed In the number of sets, repe

titions, and amount of resistance used.

This section reports those

studies that have become the foundation for present day training regi
mens.

Sets and Repetitions
Two of the best known authors In CRE training are Richard Berger
and Thomas DeLorme.
programs

(Berger,

They have thoroughly studied CRE strength training

1962a,

1962b,

1962c,

1963, 1965; DeLorme,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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1952).

13
DeLorme is well known for his three principles:
1.

Strength is built into a muscle with the use of high resistance

and low repetition exercise.
2.

Endurance is built into a muscle with the use of low resis

tance-high repetition exercise.
3.

One specific kind of exercise is incapable of building the

quality that is developed by the other type of exercise (DeLorme,

1945,

p. 645).
Although these three principles were founded nearly four decades ago,
they are presently the basis of most strength training programs.
Berger studied variations of sets and repetitions and their effect
on strength.

His studies suggested that the optimum range of repetitions

for strength training is somewhere between three and nine repetitions
when using one set.

The optimum combination of sets and repetitions for

strength gain seems to be three sets of six repetitions.

O'Shea (1966)

found that three sets of three, six, or ten repetitions were all equally
effective in their ability to increase strength.

These training pro

tocols were derived while using CRE.
Lamb (1978) suggested an altered set-repetition protocol for use
with ARE equipment:
For improvement of pure strength 1— 5 maximal isokinetic
contractions, each lasting 1-3 seconds, should be performed
4-5 times per week.
For the improvement of strength in
a complex rapid movement each maximal contraction should
be completed as rapidly as possible (Lamb, 1978, p. 139).
Although this recommendation was given in the absence of comprehensive
research, it was based on Lamb's thesis that "a certain duration of con
traction at each point in the range of motion is probably optimal
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for the greatest strength gains and this duration should not be so
long that the muscle becomes fatigued during the movement"

(Lamb, 1978,

p. 139).
Darden (1980) recommended only one set of eight to twelve repe
titions when using Nautilus VRE equipment.

Although this procedure has

resulted in significant strength and motor performance increases
(Peterson, 1975), no studies were found comparing this training protocol
to the methods described by Berger (1963), Lamb (1978), or O'Shea (1966),
Regardless of the training protocol used, the concept of overload must
be adhered to if strength gains are to

occur.

Overload and Progressive Resistance

Overload may be defined as the application of stress to a specific
area of the body (Chu & Smith, 1971).

Berger (1962a, 1963) found

muscle must be stressed at or near the

ten repetition maximum (66% to

90%) if strength gains are to occur.

that a

As the muscle adapts to the stress

the resistance to the muscle must be increased if strength gains are to
continue.

Progressive resistance is therefore necessary if a strength

training regimen is to be successful.

Progressive resistance occurs by

increasing the weighted resistance during VRE and CRE, but occurs spon
taneously during ARE.

As a muscle becomes stronger during ARE, it

exerts a greater force against the fixed lever arm speed.

Several

studies have determined optimum ARE training speeds.

ARE Training Speeds
Slow speed isokinetic muscle contractions are more effective in
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increasing strength than are fast isokinetic muscle contractions.
Van Oteghen (1975) found slow speed training (a four second leg press
contraction) superior to fast speed training (a two second leg press
contraction) for increasing muscle strength.

Rosentswieg and Hinson

(1975) compared three speeds of the isokinetic bench press by electro
myography.

The three speeds compared were slow (3feet/3.5 second),

moderate (3 feet/2 second), and fast (3 feet/1.5 second).

They found

that significantly greater muscle action potentials occurred in the
pectoralis major muscle as the exercise speed was progressively de
creased.

Other researchers

(Coyle, Costill, & Lesmes,

et al., 1970; Thorstensson, Grimby, & Karlsson,

1979; M o f froid

1976) found that torque

increased as isokinetic training speed decreased.

Greater torque re

sulted in greater muscle tension (Rosentswieg & Hinson,

1975) and deve

loping muscle tension is highly associated with muscle hypertrophy
(Goldberg et al.,

1975).

Muscle hypertrophy is directly associated with

muscle strength (Westcott, 1981).

This relationship of slow ARE

training, increased muscle tension, muscle hypertrophy, and muscle
strength indicated that slower speed ARE training was preferred to fast
speed ARE training for increasing muscle strength.

Effects of Strength Training on Power Skills

Strength is directly related to many power skills.

This section

addresses the research that has been completed in this area.
Chui (1950) reported significant increases in vertical jumping
measures following CRE.

Peterson (1975) showed an increase of one inch

in vertical jumping performance after six weeks of training with VRE
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equipment.

Van Oteghen (1975) compared fast and slow speed VRE and

their effect on vertical jump performance.

She found that fast and slow

ARE speeds were equal in their ability to significantly increase verti
cal jump performance.

Blattner and Noble (1979) reported similar

results when they found ARE training to significantly increase vertical
jumping height.

Genuario and Dolgener (1980), however, found no rela

tionship between ARE slow and fast speed torque and the ability to
vertical jump.
Significant increases in the performance of the 40 yard dash, soft
ball throw, two-handed shotput, and vertical jump were reported by
Rasch and Morehouse (1957) using CRE.

Dintiman (1964) concluded that

weight training, when used in combination with sprinting and flexibility
exercises, significantly improved 40 yard dash times more than sprint
training alone.

Peterson (1975) also found improved 40 yard dash times

after training subjects with VRE for six weeks.
(Miyashita & Kanehisa,

A more recent study

1979) supported these claims further by showing a

correlation of r^ = .688, p^ < .001, between peak torque of knee extensors
and mean running speed of the 50 meter run in boys aged 13 to 17 years.
Berger (1966) found that static and dynamic strength were positively
related to leg p o w e r .

Costill and associates

(1968) found a direct

relationship between lower extremity strength (1 E M squat) and power
(Margaria test).

These studies suggested a positive correlation between

strength and power skills.

The Factors that Influence Strength and Power

Ror'r.on-f f-îoi of the variables that effect power and strength are
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Important if they are to be controlled in research.

This section pre

sents the factors that may influence strength and power and describes
h ow they were controlled in this study.
There are many things that influence muscle strength and power.
These include physiological, biomechanical, and psychological factors.
These factors vary among different individuals and can cause strength
variations.

Physiological Factors
Muscle Fiber T y p e ,

The ratio of fast twitch to slow twitch muscle

fibers in a muscle varies among different individuals.

Fast twitch

muscle fibers have a greater capacity for anaerobic energy production
(Westcott,

1981).

They are the muscle fibers that are recruited for

activities that require short duration - maximal effort.

Slow twitch

muscle fibers have a greater capacity for aerobic energy production and
are recruited for long duration - submaximal workloads.

Fast twitch

muscle fibers are better suited for strength production (Westcott,
1981),

They are the fibers that hypertrophy during strength training

(Costill, Coyle, Fink, Lesmes, & Witzmann,

1979; Gollnick et al., 1972).

Subjects with a greater percentage of fast twitch muscle fibers can
generate greater torque than can subjects with predominantly slow twitch
muscle fibers (Coyle et al., 1979).

Subjects with a greater percentage

of fast twitch muscle fibers are therefore able to produce greater
strength and power.
Muscle Size.

The strength of a muscle is closely associated with

its cross-sectional size.

The length of the actual muscle (the length
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between tendon attachments) may also influence strength.

The greater

the cross-sectional size and muscle length, the greater the force the
muscle can produce (Westcott, 1981),
Muscle Stretch.
muscle contracts

The initial length of the muscle fibers before the

can also influence strength (Astrand & Rodahl,

A muscle that isslightly

1970),

stretched prior to contraction favorably

aligns the contractile mechanism (actin and myosin filaments) and allows
a greater force production.
Age.

Larrson and associates (1979) tested 114 males 11 to 70 years

old in an attempt to study the strength and speed of the quadricep
femoris muscle in relation to age and muscle morphology.

They found

that isometric and dynamic strength increased to age 30, remained con
stant to age 50,

and then decreased with increasing age.

speed of movement as

The subject's

well as their proportion and size of fast twitch

muscle fibers followed a similar pattern,

Miyoshita and Kanehisa (1979)

reported linear increases in torque with age for boys aged 13 to 17
years while Astrand and Rodahl (1970) reported maximal strength scores
occurring between the ages of 20 and 30 years.

Biomechanical Factors

Lever Systems
Human movement involves muscles, bones, and joints.

These three

components create lever systems that allow human movement to take place.
These lever systems vary among different individuals according to:
(1) muscle origin and insertion, and (2) the length of the bones in
volved in the joint movement.

Any variation in these two factors can
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greatly influence the amount of strength a subject can produce
(Westcott, 1981),

Psychological Factors

Inhibition
Ikai and Steinhaus

(1961) gave a good example of the mind's

influence on strength in a study of the factors that modify the ex
pression of human strength.

They reported a 12.2% increase in the

strength of the forearm flexors "when subjects shouted during maximal
effort.

A .22 caliber gun shot preceding maximal effort also cause dis

tinctly higher strength scores than did non-shot performances.

When the

subjects were induced by hypnosis and told that they were "getting
stronger and stronger" and that they "could break all records"
they produced significantly greater strength scores
forearm flexors.

(p. 159),

(^ < .01) of the

They concluded that "All observations reported ... sup

port the thesis that the expression of human strength is generally limi
ted by psychologically induced inhibitions"

(p. 161), and that "In every

voluntarily executed, all out maximal effort, psychologic rather than
physiologic factors determine the limits of performance" (p. 163).

Strength Test Administration

Random Selection
The validity of strength and power tests is insured to a greater
degree when subjects have been randomly selected.

Rikli and Arnett

(1978) compared the motor performance scores of volunteer and randomly
selected subjects.

Volunteer subjects scored significantly better than
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randomly selected subjects on nearly all motor performance tasks.

The

authors concluded that selection bias may occur when volunteer subjects
are used as representatives of a defined population.

Motor Learning
Motor learning can affect the outcome of strength test scores
obtained from the same individual subject.

Murray and associates

(1977)

administered two separate strength tests to a group of the same individ
uals.

The tests were separated by one week.

Higher torque values were

found within nearly all subjects during the second strength test.
increases were attributed to motor learning.

Lamb

These

(1978) reported that

a learning effect occurs whenever a strength training program is adhered
to.

This learning effect alone can cause increases in strength by

either increasing the nervous system's excitatory influence or by de
creasing its inhibitory influence on the alpha motor neurons of the
spinal cord.

Therefore, more motor units are called into action and

greater strength results.

Controlling the Factors that Influence Strength and Power

Of all the factors discussed, only age, sex, and motor learning
were controlled in this experiment.

The other variables that affected

strength were nearly impossible to accurately control.

Muscle biopsies,

biomechanical analysis of the subject's lever arms, and measuring
subject motivation would have to be done to find a population that was
similar.

The subjects of this study were randomly selected and assigned

to groups to help d e v i a t e this problem.
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Age and sex were controlled by limiting subject selection to males
between 18 and 29 years of age.

Motor learning was controlled by using

a post test only research design.

Muscle stretch (cross bridge align

ment) was controlled by testing all subjects throughout an identical
range of motion.

However, cross bridge alignment was probably not simi

lar among the groups during training because of differences in equipment
design.
The training stimulus was controlled by using identical resistance
and training protocols for each of the three groups compared in this
study (CRE, VRE, and ARE).

Summary

Muscular strength is related to several physiological, psycho
logical, and biomechanical factors.

Motor learning, motivation, muscle

fiber type, lever arm arrangement, testing procedure, and age are all
important functions of strength.

Regardless of these influences, mus

cular strength can be obtained through progressive overload training.
Four types of resistance are currently recognized as suppliers of
a progressive overload;

(1) SRE,

compared with the others,

(2) CRE,

(3) ARE, and (4) VRE.

When

SRE is the least effective in increasing mus

cle strength throughout a range of motion.

In contrast, CRE, ARE, and

VRE appear to be equally effective in increasing strength and power
throughout a full joint range of motion, as long as a training protocol
of high resistance and low repetitions is adhered to.
To date, the literature reveals no clear superiority of one
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training mode over another.

More research is needed before any definite

conclusions can be made.
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CHAPTER 3

METHODOLOGY

Is there a superior method of strength training for increasing the
strength of the lower extremities?

Is there a superior method of

strength training for increasing lower extremity power?

This chapter

describes in detail the methodology that was designed to answer these
questions.

Pilot Study

A pilot study was designed and implemented to answer questions con
cerning research methodology.

The purposes of the pilot study were:

(1) to determine the isokinetic training speed to be used by the ARE
group,

(2) to determine the joint range of motion (ROM) differences that

existed among the three types of training equipment, and (3) to deter
mine the difference in maximum strength measurements that existed among
the three types of training equipment.
Four men aged 27 to 32 years volunteered as subjects for the pilot
study.

All of these men had previous experience in weight training.

Determination of ARE Training Speed
The literature reviewed did not suggest one specific ARE slow
training speed was
speed of 60 degrees per second
of this study.

(60° /sec) was chosen for the leg press

A speed of 90° /sec was chosen for the knee extension
23
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and flexion exercises of this study.

These training speeds were chosen

because they closely simulated the training speeds used by the CRE and
VRE groups when using the training protocol of the 8 to 10 RÎI,

The

training speeds were determined by cinematographical analysis.

Cinematographical Analysis
One of the four subjects from the pilot study was filmed while
training on the three types of training equipment used in this study;
(1) Universal Gym (CRE),

(2) Nautilus (VRE), and (3) Mini Gym (ARE).

A Super 8 motion picture camera by Kodak was used for filming.

The sub

ject's joint ROM was determined by goniometry at the initiation and
completion phases of each exercise so that the machine's ROM could be
accurately determined during film analysis.

The subject was filmed per

forming a 10 RÎI on the Universal Gym and Nautilus leg press, knee ex
tension, and knee flexion exercises.

Each of the ten repetitions was

filmed so that changes in speed could be determined as the subject's
muscles fatigued.
leg press

Only five repetitions were filmed on the Mini Gym

(leaper), knee extension and flexion machines.

Filming ten

repetitions was not necessary because the speed of each repetition was
controlled and therefore always the same.

Film analysis revealed the

speed the lever arm was moving during each repetition of each exercise.
CRE and VRE Filming Procedure.
repetitions,

After a brief warm up of 10 to 15

set at one-half the 10 RM on the leg press, the subject's

10 RM was selected.

The subject was instructed to perform 10 repeti

tions and was filmed during the entire 10 RM,

Care was taken to in

clude the lower extremities and machine's lever arm in the camera's
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picture frame.
This procedure was used

for all three exercises on the Universal

Gym and Nautilus

equipment.

Two minutes of rest was allowed between

exercises and 30

minutes ofrest

was allowed between the filming on the

various types of equipment.
ARE Filming

Procedure.

of a weighted resistance.

ARE features the control of speed instead

Therefore, a different procedure was used to

determine the training speed of the Mini Gym equipment.
Mini Gym training equipment provides isokinetic resistance
by means of a hydraulic clutch which regulates movement
speed through frictional forces.
As greater muscle force
is applied, greater frictional forces are produced,
resulting in a proportionate increase in resistance and
a steady movement speed (Westcott, 1981, p. 105).
The hydraulic clutch is controlled by a small 4.5 centimeter in
diameter knob located on the side of the machine.

As the knob is turned

clockwise the hydraulic clutch creates greater frictional forces and
decreases the movement speed of the lever arm.

A counterclockwise move

ment of the knob results in decreased frictional forces and increases
the lever arm speed.

Although the training speed can be controlled, the

Mini Gym machine does not indicate what the training speed is.

The

purpose of the filming procedure was to find a training speed that would
replicate the training speeds used on the CRE and VRE equipment.
Several training speeds wer e filmed in an effort to find one that would
duplicate the CRE and VRE lORM speeds.
The three training speeds that were filmed were:
(2)

(1) 2.0,

2,25, and (3) 2.5 complete clockwise turns of the Mini Gym speed

control knob.

These settings were chosen as speeds that subjectively
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appeared similar to the CRE and VRE 10 RM.
After a brief warmup of 10 to 15 repetitions set at zero, the
fastest Mini Gym training speed, the speed was slowed to two clockwise
turns on the Mini Gym Leaper.

The subject was instructed to perform

five maximal repetitions and was filmed while doing so.

The procedure

was repeated using the 2.25 and 2.5 clockwise turn settings.

All three

settings were also filmed on the knee flexion and extension exercises.
Two minutes of rest was allowed between the three settings and exer
cises.
Film Analysis.

The Super 8 Movie Camera film speed was determined

by filming a free falling tennis ball as it was dropped and fell in
front of a 1.84 meter

(4 foot) ruler made of

heavy dark and light lines to measure meters
inches).

plywood and marked with
and centimeters (feet

and

Using the following equation, s = v^t + ^at^, the time it

took the tennis ball to fall a given distance was determined.

The film

speed was determined by using the following information:
a = acceleration - 9.8 meters/second^

(32 feet/second^)

s = distance - 1.2 meters (4 feet)
V q = initial velocity - 0 meters/second

(0 feet/second)

t = time - ?
Rearranging the variables in the above equation and solving for t, the
tennis ball fell four feet in one half second.

The Super 8 Camera film

was advanced one frame at a time revealing a total picture of 9 pic
ture frames for the tennis

ball to fall 4 feet. Therefore, the film

speed was determined as 18

frames per second.

The training speed of
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in Table 1.

The degrees per second of the leg press exercise repre

sents the amount of hip ROM that occurred during one second of the
exercise.

The degrees per second of the knee extension and flexion

exercises represents the amount of knee ROM that occurred during one
second of the exercise.

The 2.0 clockwise setting of the Mini Gym

equipment was the setting that most closely duplicated the CRE and VRE
10 RM training speeds.

Table 1
VRE and CRE 10 R M Training Speeds and ARE Training
Speed at 2 Turns of the Speed Knob

Exercise

VRE

Training Speeds (o/sec)
CRE

ARE

Leg Press

57

60

60

Knee Extension

90

105

90

Knee Flexion

90

110

90

Determination of Joint ROM Differences
The joint ROM through which the lower extremities were exercised
varied among the three types of equipment.

Lower extremity joint ROM

was measured by goniometry in flexion and extension patterns to deter
mine the differences.

The hip, knee, and ankle joints were measured in

the starting and stopping phases of the leg press exercise.

The knee

joint was measured in the starting and stopping phases of the knee ex
tension and flexion exercises.
can be found in Table 2.

The mean of the four subject's joint ROM

A pictorial presentation of the joint ROM
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Table 2
"VRE, ARE, and CRE Lower Extremity Joint ROM During
Leg Press, Knee Extension, and Elexion Exercises

VRE
Start
Stop
(degrees)

Exercise

Joint

Leg Press

Hip

139+^

Knee

113+

Ankle

14+

66+

ROM

73*b

116+

79+

0*

79*

131+

21*

8+

33*

41*

8+

24*

24*

0*

93*

90+

0*

90*

120+ 115+

5+

0* 118*

93+

Knee Flex. Knee

+5*

120+ 125+

5*

= flexion
= extension
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46+

ROM

70*

118+

^

CRE
Start
Stop
(degrees)

0*

Knee

Knee Ext.

ROM

70+

0* 113*
7*

ARE
Start Stop
(degrees)

70*

0* 131*

115+ 110+
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differences is in Figure 2.

Goniometer measurement techniques are pre

sented in Appendix A.

Strength Testing
The subjects were tested for the maximal amount of weight that they
could move throughout full joint ROM on the VRE and CRE equipment, and
the maximal amount of torque that they could achieve on the ARE equip
ment.

The purpose of these strength tests were to compare any differ

ences that existed among the training equipment.
ARE equipment provides a different type of resistance (control of
speed) than does CRE and VRE equipment (weight moved against gravity).
Two types of tests were necessary to assess the subject's strength:
(1) a 1 RM as used by Berger

(1962a) for the CRE and VRE, and (2) a

five repetition strength test as described by Cybex and Van Oteghen
(1975) for ARE.
CRE and VRE 1 R M .

The 1 RM assesses the greatest amount of force

that a subject's muscles can produce in a single maximal effort.

The 1

RM was determined by setting the resistance at maximum on the Nautilus
(VRE) and Universal Gym (CRE) leg press, knee extension, and knee flex
ion machines.

After a 15 repetition warm up at one-half the 10 EM on

the leg press, the test began.

The subjects were encouraged to exert a

force against the resistance in an attempt to move the weight through
out the full ROM of the exercise.

Unsuccessful attempts resulted in

decreasing the resistance to a lighter weight.
amount was determined by the experimenter.

The weight reduction

This procedure continued

until the subject had successfully moved the weight throughout the
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VRE

ARE

CRE

LEG PRESS

139
116

\

KNEE EXTENSION

O
J

118

93 '

KNEE FLEXION

;O
Figure 2,

Pictorial display of joint ROM starting position
differences among the training groups.
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designated ROM (leg press - 0° of knee extension, knee extension - 0°,
and knee flexion — 90°).

This amount of weight served as the subject’s

1 RM.
ARE Five Repetition Strength T e s t .

Following a 15 repetition warm

up at zero clockwise turns, the speed was set at 60°/sec for the Leaper
and 90°/sec for the knee extension and flexion exercises.
were chosen for two reasons:

These speeds

(1) studies have shown that as ARE speed

decreases, the torque increases (Coyle et al., 1979; Moffroid & Whipple,
1970; Thorstensson et al.,

1976), therefore, a slow testing speed was

chosen that would require maximal force, and (2) the second factor that
was considered when selecting a testing speed was to insure the com
pletion of a full ROM repetition.

The hydraulic clutch of the Mini Gym

equipment "binds" or "sticks" at very slow exercise speeds.

The binding

does not allow the completion of a full repetition and the force
measured becomes an isometric torque reading instead of an isotonic one.
Care was taken to select a speed that allowed maximal force without
stopping the lever arm.

A testing speed of 60°/sec for the Leaper and

90°/Sec for knee extension and flexion was determined as a speed that
met both of the qualifications.
The subjects completed five maximal repetitions at these exercise
speeds.

The Mini G y m force indicator displayed the greatest amount of

force (in pounds) that a subject could produce.

Two minutes of rest

between trials and 15 to 30 minutes of rest was allowed between testing
on the three equipment types.

The results of the strength tests are

presented in Table 3.
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Table 3
Maximum Strength Test Results

LPa

ARE
KEb
(lbs)

D.G.

975

136

5

180

D.B.

920

140

25

M.h.

1050

235

T.L.

1050

999

Subject

Means

KP(:

LP

VRE
KE
(lbs)

CRE
KE
(lbs)

KF

LP

180

110

360

140

70

160

170

110

300

110

70

75

170

260

160

320

225

110

175

10

160

200

100

300

130

60

172

29

168

203

120

320

151

78

^LP = Leg press
^KE = Knee Extension
= Knee Flexion
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Pilot Study Results
ARE Training Speed.

The 2.0 setting on the Mini Gym equipment was

chosen as the training speed for this study's research methodology.
This setting created a training speed that was nearly identical to the
10 RM speed of VRE and CRE.

The only major difference among the

training speeds occurred during the CRE 10 RM of the knee extension and
flexion exercises.

The speed was determined as 105 to 110^/sec during

these exercises, which is 15 to 20°/sec faster than the ARE and VRE knee
extension and flexion training speeds.
The significance of equating the training speed was to create simi
lar muscle tension development among the training groups of this study.
Muscle tension has been associated with strength development (Goldberg
et al., 1975) and this was controlled as much as possible by exercising
the training groups at similar training speeds.
Strength Comparisons.

There were very large differences in the

maximal strength measurements obtained from the same subjects on the
three types of equipment.
factors;

These differences may be caused by three

(1) the validity of the Mini Gym force indicator,

(2) the

joint ROM differences of the training equipment, and (3) the differences
in resistance modes.
Calibration of the Mini Gym equipment showed that it was not a
valid measurement of strength (calibration procedure can be found in
Appendix B).

Therefore, it was meaningless to compare the strength

values of the Mini Gym equipment with those obtained from the VRE and
CRE equipment.

Strength differences still occurred, however, among the

VRE and CRE equipment.

These differences may be attributed to the
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equipment differences in joint ROM and resistance mode.
The subjects of the pilot study were able to move nearly two times
as much weight with the CRE leg press as compared with the VRE leg press.
The VRE equipment flexed the subject's hip joint 23^ greater than did
the CRE equipment.

The greater hip angle may have been a disadvantage

of VRE during the 1 R M because it was less efficient in moving the weight
load.
This tendency to move greater weight loads with the CRE equipment
did not occur when comparing the knee extension and flexion exercises.
The 1 RM strength scores were 26% and 35% greater during VRE knee
extension and flexion, respectively, when compared with CRE.

This

occurred even though VRE equipment required a greater joint ROM.
explanation may be the VRE oval shaped cam.

An

The cam changes the resis

tance (accommodates the resistance to the lever system of the lower
extremities) as the subject moves the weight through the ROM.

CRE is a

constant resistance unable to change or adapt to the lower extremity
lever system.

The different natures of the equipment types (accommo

dating, variable, and constant resistance modes) makes it difficult to
compare strength measurements among different groups, simply because the
same workload is easier to move through a ROM when using a variable
resistance than when using a constant resistance.
Joint ROM.

Lower extremity joint ROM differed among the training

equipment in several ways:
each exercise,

(1) during the starting or initial phase of

(2) during the stopping or completion phase of each exer

cise, and (3) throughout the total joint ROM of the lower extremities.
The significance of the joint ROM differences were important when
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planning the research methodology of this study.

Strength tests using

the training equipment would obviously be influenced by the joint angle
differences because of biomechanicaJ. (ievex system) and possibly physio
logical

(muscle fiber cross bridge alignment) differences.

strength test could be performed using the equipment if:

A valid
(1) the Mini

Gym force indicator was a valid and reliable measurement of strength,
(2)

all subjects from each of the three groups compared were tested on

each of the three types of machines, or (3) the joint ROM of the three
types of equipment were made identical.

Even if the Mini Gym was a

valid testing instrument, time would not allow all of the subjects to be
tested on all three types of equipment and the machines designs made it
impossible to duplicate their ROM patterns.
Therefore, the equipment that the subjects trained with during the
study was not used for strength measurement and comparison.

However, a

I RM test was used before and after the training session to monitor
strength increases.

This data was not used in the final analysis but

may be found 'in Appendix C.

A Cybex II Isokinetic Dynamometer was used

to test for strength differences among the training groups.

This in

strument has been used very extensively and is a reliable and valid
measurement of strength.

The Cybex II is also capable of testing

strength throughout a joint's total ROM.

The use of this instrument

eliminated the problems that were found in the pilot study.

The Cybex

II was a common testing device for all subjects and measured strength
through identical ROM patterns.
Discussion.

An effort was made to create a research methodology

that was not biased towards any of the resistance modes.

deVries
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said that although many comparisons of training modes have been
attempted, none were satisfactory from the standpoint of research design.
He believes that if meaningful comparisons among training groups are to
be obtained, the researcher must equate:

(1) the trainability of the

subjects, and (2) the training stimulus.
The trainability of the subjects was insured by random selection
and assignment to groups.

The training stimulus was controlled by using

identical training protocols and by equating the training speeds.

The

pilot study's results also made it apparent that the training equipment
could not be used for strength testing.

Therefore, a common strength

test was used among the training groups— the Cybex II isokinetic dyna
mometer.

Research Methodology

This study determined the lower extremity strength and power of 15
men following their participation in a seven week strength training pro
gram designed for the lower extremities.
training and testing protocols.

The men adhered to identical

The mode of resistance (CRE, ARE, and

VRE) was the only major uncommon factor that existed.

Figure 3

represents the order of events in this study.
Weeks
Random Selection and x.
Assignment to Groups ^ / 1 / 2 / 3 / 4 / 5 / 6 / 7 / 8 /
The Training Program

Figure 3.

Strength and
Power Tests

Order of events in the study.
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Selection of Subjects
Forty men between the ages of 18 and 31 were randomly chosen from a
population of male students enrolled in Health and Physical Education
classes during spring quarter,
Missoula.

1981, at the University of Montana in

The men were chosen from the University registrar's roll

sheets using a table of random numbers.
The 40 subjects were randomly assigned to one of three training
groups:

(1) CRE,

(2) ARE, and (3) VRE with 14, 12, and 14 subjects in

each group, respectively.

A statistical estimation of sample size re

vealed these numbers of sufficient size to show significant results, if
they existed.

However, only 15 of the original 40 subjects were used

for statistical analysis.

Twelve subjects dropped out of the study

because of personal conflicts in their schedule.

Two subjects failed to

participate in the testing sessions, and one could not complete his
training because of a back injury.

The other ten subjects were not in

cluded in data analysis because of poor attendance records.

Five sub

jects in each group were used for final data analysis.

Training Equipment
Three types of equipment were used for the lower extremity training
program.

The CRE group used Universal Gym equipment (Cedar Rapids,

Iowa) located at the University of Montana Field House Annex in
Missoula, Montana.

The two machines used were the leg press and the

knee extension/flexion machine.
Ham/Quad Machine by Mini Gym Inc.

The ARE group used the Leaper and the
(Independence, Missouri) located at

the University of Montana Field House in Missoula, Montana.
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group trained with the Compound Leg and Leg Curl machines from Nautilus
Sports/Medical Industries
of Missoula, Montana.

(DeLand, Florida) located at Sparta Health Spa

The machines exercised identical muscle groups.

Testing Equipment
Strength was measured by a Cybex II Isokinetic Dynamometer

(Lumex

Inc., New York City, located at St. Patrick Hospital, Missoula, Montana).
The Cybex II maintains limb motion at a constant pre-set velocity.

The

lever arm is electromechanically prevented from surpassing the pre-set
speed.

No acceleration can occur because increased muscular output

results in an equal counter force.

The force generated against the

lever arm and the knee ROM is recorded by stylus pens on paper by a com
puterized recorder.

Therefore, accurate peak torque can be determined

at any specific joint angle.
Leg power was measured by the Margaria/Kalamen test (Matthews &
Fox, 1971).

A Dekan timer with rubber switch mats placed on the third

and ninth steps (17.5 cm high) of a stairwell was used to administer the
test.

Training Program
The three training groups performed the following exercises through
out the duration of the study:
(3) Knee Extension.

(1) Leg Press,

(2) Knee Flexion, and

They were performed in the listed order,

per week, 30 minutes per day,

for seven weeks.

three days

A 48 hour rest period

occurred after each training session and a 72 hour rest period occurred
after each third successive training session.
All training sessions were supervised.

The five supervisors were
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student volunteers from a University of Montana Physiology of Exercise
class.

The supervisors were trained to:

(1) record attendance and

sets-repetitions on the appropriate forms, and (2) insure the subject's
adherence to this study's training protocol (Appendixes D,E, and F).
Training sessions began with a warm up of 15 repetitions on the leg
press using one-half the subject's 10 RM,

After 30 seconds of rest the

weight was increased to the subject's 8 RM,
trial and error,

The 8 RM was determined by

A weight was chosen that the experimenter and subject

thought to be the 8 RM,

After selecting this weight, the subject

attempted to move it 10 times (repetitions).
9 repetitions the resistance was increased.

If the subject completed
If the subject was not

successful in achieving 8 repetitions the resistance was decreased.
weight adjustment was determined by the experimenter and subject.
procedure continued until the 8 RM was found.

The
The

The amount of rest be

tween trials was left to the subject's discretion.

Subjects were en

couraged to perform 3 sets of 8 repetitions with the 8 RM resistance.
Two minutes of rest was allowed between the sets and exercises.
When a subject's strength had progressed to a point where he could
perform 3 sets of 10 repetitions,

10 pounds of weight was added to re

turn him to 3 sets of 8 repetitions.

The resistance always remained

constant until the subject progressed to 3 sets of 10 repetitions, even
if he could not complete an 8 RM on the second or third sets.

This

procedure was used on the leg press, knee extension and flexion Nautilus
and Universal Gym machines.

An altered training program was used for

the Mini Gym equipment because it features speed control, and not a
weighted resistance.
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The training session for the ARE group began with a 15 repetition
war m up on the Mini Gym Leaper set at fast speed (0 clockwise turns).
After 30 seconds of rest, the subjects performed 3 sets of 10 repeti
tions at 60°/sec on the Leaper.

A speed of 90°/sec was used for the ARE

knee flexion and extension exercises.

Two minutes of rest was allowed

between the sets and exercises.
The force indicator attached to the Mini Gym machines provided
immediate feedback about the force produced during each repetition.

The

subjects were encouraged to duplicate or surpass the torque reading that
resulted from the previous repetition.

This procedure motivated the

subjects to produce maximal force during each repetition of the exer
cises.

Testing Procedure
The subjects were tested for lower extremity strength and power
after completion of the seven week training program.

The Cybex II and

Margaria/Kalamen tests were administered two to five days after the
final training day (Appendix D ) .
Cybex II Strength T e s t .

This test determined the peak torque that

a subject could exert during active knee extension and flexion.

Cali

bration of the Cybex II was done the day before testing to insure valid
measurements.

This was accomplished by placing weights on the Cybex II

lever arm and testing them isokinetically at different speeds

(Appendix

G).
Prior to testing the machine's axis of rotation was aligned to the
to the knee joint's anatomical axis of rotation.

The subject's thigh
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and ankle were secured with velcro straps at mid thigh and just above
the medial malleolus.

The subject crossed his arms across his chest and

was instructed to make contact with his entire back to the back support
of the chair during testing.

These precautions isolated the knee flexor

and extensor muscles and minimized the involvement of other non primary
mover muscles such as the hip extensors and flexors.
The subjects performed ten repetitions of knee extension and flex
ion at 120°/sec for a warm up.
speed of 60°/sec.

The speed was then slowed to the testing

The subjects completed five consecutive repetitions

at this speed in an attempt to create the greatest torque possible.
Peak torque throughout a 90° ROM was recorded on paper (slow speed of
5 mm/sec) for each of the five repetitions with the average reading used
for data analysis.
Immediately after completing the five repetitions the paper speed
was increased to fast speed (25 mm/ s e c ) , and the subjects performed two
more maximal repetitions.

The fast paper speed displayed in greater

detail strength throughout the full ROM by drawing out the strength
curve in an elongated manner
Margaria/Kalamen T e s t .
leg power,

(Appendix H ) .
This test determined the subject's maximum

Margaria and associates

(1966) originated the test but

Kalamen (Matthews & Fox, 1971) modified the test and his version was
used in this study.

The test is an excellent representative of leg

power and correlated highly with the 50 yard dash (r^ = .974).

However,

the test did not correlate well with the vertical jump, probably be
cause the latter test required a greater degree of practice and skill
and did not take time or body weight into consideration (Matthews &
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Fox, 1971).
The subjects were instructed to stand six meters in front of a
staircase.
possible,

At their own will they ran up the stairs as rapidly as
taking three steps at a time.

third and ninth steps.

Switch mats were placed on the

Each step was 17.5 cm high.

A Dekan timer

measured to the 1/1000 sec the time it took to run between the switch
mats.

Five trials were given before the test began.

These trials

served as warm up and allowed the subjects to become familiar with the
test.

After the warm up, five additional trials were administered for

data collection, with the average score used for data analysis.

The

recovery time between trials was left to the discretion of the subject.
Power output was calculated by the following formula (units = kg/m/sec):
P = (W X D)/T, where P = power, W = weight of subject in kilograms,
D = vertical height between the third and ninth steps, and T = time.

Kinesiology of the Training Program
The three lower extremity exercises were chosen because they train
nearly all of the major muscle groups of the hip and knee (Table 4).
These major muscle groups provide the primary force during the Margaria/
Kalamen test of leg power (Table 5).

Data Collection and Analysis
The data analyzed were:

(1) the peak torque strength scores of

the knee extensor and flexor muscles, as measured by the Cybex II dyna
mometer, and (2) the Margaria/Kalamen test of leg power.

The Kruskal-

Wallis One Way Analysis of Variance by Ranks was used to test the null
hypothesis.

This test is designed to determine differences among
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Table 4
Major Muscle Groups Exercised

Muscle Groups & Specific Muscles

Exercises

Hip Extensors

Leg Press, Leaper

Gluteus maximus
Biceps femoris
Semitendittosus
Semimembranosus
Adductor magnus
Knee Extensors
Rectus
Vastus
Vastus
Vastus

Leg Press, Leaper,
Knee Extension

femoris
intermedius
lateralis
medialis

Ankle (plantar) flexion

Leg Press, Leaper,
Knee Extension

Gastrocnemius
Soleus
Peroneous longus
Posterior tibial
Peroneus brevis
Flexor digitorum longus
Flexor hallucis longus
Knee Flexion

Knee Flexors
Biceps femoris
Semimembranosus
Semitendinosus
Sartorius
Gracilis
Gastrocnemius
Popliteus

Source:

Goss, C. M. (Ed).
Gray*s Ana t o m y .
Febiger, 1948.

Philadelphia:
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Table 5
Major Muscle Groups Used In the Margaria/Kalamen
Test of Leg Power

Muscle Groups & Specific Muscles

Hip Extensors

Hip Flexors

Gluteus maximus
Biceps femoris
Semitendinosus
Semimembranosus
Adductor magnus

Knee Flexors

Knee Extensors
Rectus
Vastus
Vastus
Vastus

femoris
intermedius
lateralis
medialis

Ankle (plantar) flexors
Gastrocnemius
Soleus
Peroneous longus
Posterior tibial
Peroneous brevis
Flexor digitorum longus
Flexor hallicus longus

Source:

Iliacus
Psoas major
Rectus femoris
Sartorius
Tensor faciae latae
Pectineus
Adductor longus
Gracilis

Biceps femoris
S emimemb rano sus
Semitendinosus
Sartorius
Gracilis
Gastrocnemius
Popliteus
Ankle (dorsi) flexors
Anterior
Extensor
Extensor
Peroneus

Goss, C. M. (Ed).
Gray's Ana t o m y .
Febiger, 1948.

tibial
digitorum longus
hallicus longus
tertius

Philadelphia:
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small samples of a defined population.

Significant differences were

tested with the x2 Test for Two Independent Samples

(Siegel,

1956),

The

null hypothesis was accepted or rejected according to the .05 level of
significance chosen for this study.
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CHAPTER 4
ANALYSIS AND DISCUSSION OF RESULTS

Analysis of Results

Data from this study were analyzed using the Kruskal Wallis One Way
Analysis of Variance by Ranks.

Any significant differences between

groups were found by using the

Test for Two Independent Samples.

Strength and power test scores are listed in Appendix 1.

Their proba

bility of coming from the same population is listed in Table 6.

The

means and standard deviations of the training groups are in Table 7.
The probabilities obtained in Table 6 represent the probability
that the group differences in strength and power tests were (1) signifi
cant population differences, or if they were simply (2) chance varia
tions among the training groups.
were no significant differences

All measurements indicated that there
(p > .05) in strength or power tests

among the three different training groups studied.

Discussion of Results

The training groups of this study were not significantly different
in their abilities to produce lower extremity torque and power.

The

results agree with those found by DeLateur and associates (1972) and
Pipes (1977).

DeLateur found no significant differences between CRE

and ARE in their ability to increase quadricep strength.

The results

of this study also agreed with those found by Pipes (1977).

46
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Table 6
The Kruskal Wallis One Way Analysis of Variance by Ranks
H Values and Corresponding 2 Values for the Cybex II
Strength Test and Margaria/Kalamen Power Test

Strength Test
Knee Extension
Right
Left

H
2

3.26
.102

4.16
,102

Power Test

Knee Flexion
Right
Left

.555

.412

.102

.102
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Table 7
Means and Standard Deviations of Strength and Power Tests*

Knee Extension
(ft-lbs)
(SD)b

Group

Knee Flexion
(ft-lbs)
(SD)

ARE

Margaria/Kalamen Test
(kg/m/sec)
(SD)

154.52
(7.39)

Right Leg

106.83
(8.61)

81.50
(9.68)

Left Leg

105.28
(11.60)

84.36
(13.89)

164.34
(22.66)

VRE
Right Leg

124.08
(12.15)

90.08
(16.01)

Left Leg

118.28
(16.50)

86.34
(23.91)

168.45
(22.68)

CRE
Right Leg

120.64
(19.90)

86.36
(18.99)

Left Leg

125.16
(13.89)

85.00
(17.42)

*Tests include Cybex II Strength Test (knee extension and
flexion) and Margaria/Kalamen Power Test)
^SD = standard deviation
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that neither VRE or CRE was superior for producing strength.
The results of these studies differ from those found by Thistle
(1967) and Rosentswieg and Hinson (1975).
CRE and SRE for increasing strength.

Thistle found ARE superior to

Rosentswieg and Hinson also

recommended ARE as a preferred strength training method after comparing
it to CRE and SRE by electromyography.

The results of this study and

the review of literature do not point to a particular resistance mode
as being clearly superior for increasing muscle strength throughout a
total joint ROM.
Although many of the factors that influence strength were con
trolled, the training groups adhered to identical training and testing
procedures, and the only major difference among groups was the training
equipment utilized, no differences occurred in the subject's abilities
to produce lower extremity strength and power.

The results indicated

that as long as high resistance - low repetition training protocols are
adhered to, muscle strength and power will increase, regardless of the
resistance mode.

This statement makes sense considering that the deve

lopment of muscle hypertrophy and strength is highly associated with
muscle tension (Goldberg et al.,

1975).

Muscle Tension
As a resistance load increases, more motor units are recruited and
a greater firing rate occurs to enable the muscle to move the load
(Astrand & Rodahl,

1970).

These events create greater muscle tension

and tension appears to be the stimulus for increasing muscle
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hypertrophy and strength (Goldberg et al.,

1975).

Goldberg's theory is

completely agreeable with the training protocols that have been deter
mined to increase strength.

A n increased workload that allows fewer

repetitions (and therefore greater tension) increases strength more so
than a lighter workload that allows a greater number of repetitions to
be performed
sion).

(because the lighter workload requires less muscle ten

There may be no differences in the resistance modes because they

create similar amounts of muscle tension.

However, ARE and VRE should

have been more effective in producing tension throughout every point in
knee ROM because of their accommodating natures.
The Cybex II dynamometer measured the peak torque of the quadricep
and hamstring muscle groups at an average of 61 and 37 degrees, respec
tively.

These joint angles where peak torque occurred are similar to

those found by other investigators (Moffroid & Whipple,
Baldwin, Gardner, Sepic, & Downs,

1977).

where ARE and VRE have an advantage.

1970; Murray,

These are the joint angles

These groups were able to train at

maximal force (and therefore tension) at every point in the knee's ROM
because of their accommodating natures.

However, the CRE group was

unable to train at maximal force throughout the ROM because the resis
tance was limited to the amount of weight that could be moved success
fully through the knee joint's weakest point (the beginning and end of
the ROM ) .

The training resistance was maximal only at the weak points

and was submaximal in the mid-range (where peak torque occurred).

The

ARE and VRE groups had an advantage because they were able to train at
maximal force throughout the mid-range of the knee.

The results of

this study do not support these claims, especially when the Cybex II

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

51
peak torque test results were analyzed throughout the full 90 degree
ROM.

Collection and Analysis of Torque Throughout a 90° ROM
The Cybex II dynamometer can measure torque at every degree in the
k n e e ’s 90° ROM that was tested.

This data was analyzed to determine if

ARE and VRE were superior to CRE for increasing strength throughout a
90° ROM of the knee.

Each subject’s peak torque was measured at seven

different joint angles during knee extension and flexion.

The sixth and

seventh repetitions of the Cybex II Strength Test were analyzed because
these were performed at a fast paper speed and could be analyzed with
greater accuracy (Appendix H ) .
60,75, and 90 degrees.

Torque was measured at:

0,15,30,45,

These joint angles were chosen as representative

of peak torque throughout the tested 90° knee ROM.

They were chosen

because they could be easily determined by use of the Cybex II chart
data card.
After determining the peak torque at these seven joint angles,
measurements were summed and used for data analysis.

the

The Kruskal Wallis

One Way Analysis of Variance by Ranks was used to determine any diferences among groups.

The probabilities obtained in Table 8 represent

the probability that actual differences exist.
greater than the .05 level of significance.

All probabilities were

Therefore, no differences

existed in the ability of CRE, ARE, or VRE to achieve peak torque
throughout a 90° ROM during knee flexion or extension.
ARE has been shown to create significantly greater muscle action
potentials (and therefore tension) than CRE or SRE when studied by
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Table 8
The Kruskal Wallis One Way Analysis of Variance by Ranks
H Values and Corresponding 2. Values for the Cybex II
Strength Test Throughout a 90° ROM

Knee Extension
Right

H

Knee Flexion

5.18

Right

Left

3.12

1.45

.26

.102

.100

2

Left

.102

electromyography (Rosentswieg & Hinson, 1972),

.102

A R E ’s proponents claim

that ARE*s ability to require maximal muscular effort throughout a
total ROM as one of its main advantages (Chu & Smith,
1976; Hislop & Perrine,

1967; M o f froid et al.,

1969).

1971; Counsilman,
Those who favor

VRE also claim that its ability to provide accommodating resistance as
an advantage (Darden, 1980).

Although these claims have been made, the

ARE and VRE groups of this study were no more effective in producing
peak torque throughout a total ROM than was the CRE group.
two possible explanations for these results;

There were

(1) subject motivation,

and (2) eccentric contractions.
Subject Motivation.

ARE allows for maximal force production

throughout an entire joint ROM.

An important fact to recognize is that

ARE allows for only maximal effort and does not require it.

An effort

was made in this study to require maximal force production of the ARE
group.

This was done by encouraging the subjects to duplicate or sur

pass the torque reading that they achieved on each previous repetition.
However, it is possible that as the subjects became fatigued, they
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exerted less than maximal force.

Astrand (1970) reported that maximal

static muscular effort could only be maintained for a few seconds and
that motivation and pain tolerance are Important variables that affect
strength.

Although Astrand was referring to static exercise, his

statement emphasized the possible effects of fatigue that subjects may
encounter during slow ARE training speeds.

Motivation may have been a

factor In Influencing the results of this study, but It does not explain
the VRE group's Inability to rate superiorly In creating torque through
out the knee's ROM.

Lack of motivation and less than maximal force of

the VRE subjects would have been readily apparent as they would have
been unable to move the resistance load throughout the full ROM of the
exercise.
Eccentric Muscle Contraction.

CRE and VRE employ eccentric con

tractions as part of their training method but ARE does not.

Muscle

tension does occur during eccentric contractions, but at less energy
expenditure to the body (Astrand & Rodahl,

1970).

Therefore, the total

amount of time that a muscle was under tension during training may have
doubled during CRE and VRE.

Eccentric contractions may have been an

advantage of VRE and CRE because these resistance modes received a
greater time period of muscle tension than did ARE.

Although eccentric

contractions may have Influenced this study's results, they do not
explain why the VRE group was not superior because It had the accommo
dating abilities of ARE as well as the use of eccentric contractions
during training.
DeLateur and associates

(1972) controlled the eccentric contrac

tions In their study that compared CRE and ARE for quadricep

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

54
strengthening.

They found no significant differences of ARE or CRE to

increase quadricep strength.

The results of this study indicate that

eccentric muscle contractions are not an important variable of CRE and
ARE training.

Summary

CRE, ARE, and VRE appear to be equally effective in producing
strength and power of the lower extremities when assessed by the Cybex
II dynamometer.

Research in the area of strength physiology suggests

that muscle tension is the stimulus for increasing muscle hypertrophy
and strength.

CRE, ARE, and VRE may be equal in their abilities to

produce this tension.

This may be the reason they were not signifi

cantly different in this study and the review of literature.
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CHAPTER 5
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

The muscular system of the human body is responsible for movement,
posture maintenance, and protection of internal organs and tissues.

All

of the gross and fine motor activities of the human body are performed
by muscles.

The muscular system’s ability to move limbs fast or slow,

to create great or small forces and power, and to coordinate movement
are of great value to all endeavors of human performance.

Effective

methods of training the muscular system have been studied in an effort
to find the optimal methods and protocols to achieve strength, endurance,
and power.
Constant, accommodating, and variable resistance procedures are all
effective methods of increasing strength throughout the full joint range
of motion.

Although the best protocol for strength and power develop

ment is known (3 sets of 6 to 10 repetitions),

the best method (constant,

accommodating, and variable) utilizing this protocol is not known.
This study was designed to investigate the effects of constant,
accommodating, and variable resistance in their ability to increase the
lower extremity strength and power of adult men.

Forty randomly selected

University of Montana male students were randomly assigned to one of
three training groups:
tance,

constant, accommodating, and variable resis

They began a lower extremity training program of 3 sets of 8 to

10 repetitions utilizing Universal Gym, Mini Gym, and Nautilus equip
ment.

The three exercises used were the leg press/leaper, knee
55
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extension, and knee flexion machines.

The subjects trained with this

equipment three days per week for seven weeks.
The Cybex IT Isokinetic Strength Test and the Margaria/Kalamen
Test of Leg Power were administered at the end of the seven week
training program so that the subject's lower extremity peak torque and
power could be determined.

These scores were analyzed by the Kruskal

Wallis One Way Analysis of Variance by Ranks.

The analysis revealed

no significant differences in the three training group's abilities to
produce strength or power.

Conclusions

Based upon the data that was collected and within the limitations
of this study the following conclusions can be made;

there is no sig

nificant difference in the ability of constant, variable, or accommo
dating resistance to affect the strength or power of the lower extremi
ties when tested by the Cybex II isokinetic dynamometer or the Margaria/
Kalamen Test of leg power.

This conclusion is based on a training pro

tocol of 3 sets of 8 to 10 repetitions for 3 training days per week for
7 weeks utilizing Universal Gym, Mini Gym, and Nautilus equipment.
Therefore, the null hypothesis was accepted.

Recommendations

The following recommendations are suggested for future research in
the comparison of constant, variable, and accommodating resistance
methods.
1.

A greater sample size with a minimum of twelve in each group
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should be used.
2.

Reduce the scope of the study by training and testing one sin

gle muscle group such as the quadricep instead of using the entire lower
extremity musculature.
3.

Use a Cybex II or Cybex Orthotron for the ARE training instead

of Mini G ym equipment.

Cybex exercise speeds are easily determined and

can be accurately calibrated for validity.
4.

Compare strength differences in the same individual by training

one leg with ARE and the other leg with CRE.

This procedure will help

eliminate the inherent factors that affect strength.

However, this

recommendation may create problems of training overflow from one extrem
ity to the other.
5.

Train and test women in addition to men.

6.

Train and test well trained, motivated subjects such as a

university football team.

This procedure would help to determine the

effects of different resistance modes on well trained subjects.

The use

of well trained subjects will help reduce the problems of motivation and
motor learning, and the results of such a comparison would have greater
application to athletics.
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APPENDIX A
Goniometer Placement

The goniometer's axis of rotation, movable and stationary arms
were aligned with the following anatomical locations during the measure
ment of lower extremity ROM.

The Hip Joint
The stationary arm was aligned with the midline of the lateral
aspect of the trunk, between the axilla and the greater trochanter of
the femur.
The movable arm was aligned with the midline of the lateral aspect
of the thigh, between the greater trochanter of the femur and the
lateral condyle of the femur.
The axis of rotation was located at the greater trochanter of the
femur.

The Knee Joint
The stationary arm was aligned with the midline of the lateral
aspect of the thigh, between the greater trochanter of the femur and the
knee's anatomical axis of rotation.
The movable arm was aligned with the midline of the lateral aspect
of the leg, between the knee's axis of rotation and the lateral
malleolus of the fibula.
The axis of rotation was aligned between the lateral condyles of
the femur and tibia.
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The Ankle Joint
The stationary arm was aligned with the lateral aspect of the leg,
between the lateral condyle of the tibia and the ankle's axis of rota
tion.
The movable aria was aligned with the lateral aspect of the foot and
parallel with the dorsum of the foot.
The axis of rotation was placed just below the lateral malleolus
of the fibula.
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APPENDIX B
Mini Gym Calibration

The Mini Gym Ham/Quad machine was placed on a floor with the
machinées lever arm located 68 inches under two separate two inch
pulleys hanging from a ceiling.
lever arm of the machine.
ceiling pulleys
again.

A nylon rope was attached to the lower

The other end of the rope passed up over the

(located 16 inches apart) and then down to the floor

This end of the rope was attached to several different weights.

The various weights were dropped from a height of 20 inches.

This

resulted in the rope moving the machine's lever arm through its ROM
and registering a force on the Mini Gym force indicator.

None of the

weights dropped affected the torque indicator in any way.

Weight

Trial

Force Registered

1

50 pounds

0

2

60

0

3

150

0

These results indicated that the Mini Gym Ham/Quad machine force
indicator was not a valid instrument for measuring strength.

JcT

4

60
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APPENDIX C
1 RM Pre and Post Test Scores

Group
VRE

Subject
M.A.
D.B.

D.H.

S.R.

P.T.

CRE

M.F.

S.K.

D.S.

M.S.

T.V.

ARE

R.B.

B.B.

W.G.

R.L.

M.T.

Pre
(lbs)

Post
(lbs)

% Gain

LP
KE
KF
LP
KE
KF
LP
KE
KF
LP
KE
KF
LP
KE
KF

180
200
150
210
210
UO
160
200
150
190
210
140
230
270
180

200
230
170
230
290
170
210
230
180
210
220
150
250
290
180

11
15
13
10
38
21
31
15
20
10
5
7
8
7
0

LP
KE
KF
LP
KE
KF
LP
KE
KF
LP
KE
KF
LP
KE
KF

360
220
110
500
300
120
320
220
110
360
180
60
400
210
90

400
260
110
520
340
130
340
260
120
380
200
80
580
230
90

11
18
0
4
13
8
6
18
9
6
10
33
45
10
0

LP
KE
KF
LP
KE
KF
LP
KE
KF
LP
KE
KF
LP
KE
KF

975
138
12
1175
138
38
1150
185
33
1100
100
25
900
125
12

1010
177
35
1240
240
50
1350
212
37
1360
135
50
1010
180
35

4
28
191
6
74
32
17
14
12
24
35
100
12
44
191

Exercise^

»LP = Leg Press, KE = Knee Extension, KF - Knee Flexion
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APPENDIX D
Subject Attendance and Testing Records

The attendance and testing records of the subjects used for final
data analysis are shown below.*

WEEK
Subject

1

2

3

4

5

6

7

8

CRE
M.F.
S.K.
J.P.
D.S.
T.V.

— —
+
+

— — •“ + — — —
---------- +
---------+

- +— — —
+
- +-

------+ ---- M
— — + — — 4- — — —
+ - + ----- +
+ ------ H--------+ -------- + ---- M

T W T h F
M T ^ Th F
M T W T h F
M T W T h F
T W T h F

ARE
R.B.
B.B.
W.G.
R.L.
M.T.

--------+
-- + --------+ ---+ ---- + ------- M
- + - - + - + +
— — — — - - - + - — — + — + +

- +-

_____ - + — — — — — +

------

+

M T W Th F
M T W T h F
T W Th F
M T W T h F
M T W Th F

VRE
MA«
d ]b *
L. h .
S.R.
P.T.

_ _ _
_ — — — — —
- + - _______
_ _ _
_ _ _
_ — —
______ + ____
_______

*During weeks 1-7;

— +

— —

4- —

— — — — + + M T ^ Th
+ ----- + --- M T W T h F
— — — — — +
— — — — — + M T W Th
+ ---- + ---- + ------ + M T W T h
- + - - + - ------- - + + M T W T h

- indicates present on a training day
+ indicates absent on a training day

During week 8 : The weekday of testing is underlined
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F
F
F
F

APPENDIX E
Subject Training Record

Date:
Leg Press

Knee Flexion

Knee Extension
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APPENDIX F
Weight Training Supervisors Duties and Responsibilities

You are involved in a research project designed to investigate the
differences between Nautilus, Universal Gym, and Mini Gym equipment in
their ability to affect changes in lower extremity strength and power.
Your faithful execution of the following principles is necessary if
valid results are to be obtained.
1.

Record the subject’s attendance on the attendance roster.

2.

Record the sets and repetitions of each subject's workout on

the appropriate record form.
3.

Adhere to the following training protocol:
a.
Increase the resistance 10 pounds when the subject
is able to complete 3 full sets of 10 repetitions (Mini
Gym supervisors see note below*).
b. Allow two minutes of rest between the sets and the
exercises.
c. The subjects must move their lower extremities
throughout the full range of motion of the exercise.
d. The subjects must warm up before training with 15
repetitions on the leg press/leaper set at one-half their
10 repetition maximum (Mini Gym subjects should warm up
at zero revolutions of the speed control knob).
Exercise
must begin 30 seconds after warm up.
e. Remember — Warm up. Leg press. Knee flexion and knee
extension.
Always adhere to this order.

*Because of the nature of isokinetic equipment, most of the sub
jects in the Mini Gym group will be able to complete a full three sets
of ten repetitions.
Always use the 2.0 revolution setting of the Mini
Gym speed control knob.
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APPENDIX G
Calibration of the Cybex II Dynamometer

The calibration of the Cybex II was performed by using the following
formula:
Length of Lever Arm (feet) X Disk Weight (pounds)
+ Torque Value of Lever Arm
= Total Torque (foot-lbs)
Three separate trials using three separate weights and lever arm lengths
were used to determine the accuracy of the Cybex II dynamometer.

i

l

l

Length of Lever Arm (inches)

30

31

Disk Weights

70

32.5

(pounds)

Torque Value (foot-lbs)

6.2

6.2

33
5
6.2

When dropping the lever arm through 180 degrees of motion at a speed of
30 degrees per second the following torque readings should occur when
using the three separate trials as listed above:
Trial 2 = 90 foot-lbs,

Trial 3 * 20 foot-lbs.

Trial 1 = 180 foot-lbs.

If these readings did

not occur minor adjustments were made by using a screwdriver to increase
or decrease the torque readings.
A full account of calibration procedures can be found in the
Cybex II Calibration and Record Card booklet, available from Cybex,
Lumex Inc., Bay Shore, New York.
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APPENDIX I
Cybex II Strength and Margaria/Kalamen
Power Test Scores

Group

Subject

VRE

M.A.
D.B.
D.H.
S.R.
P.I.

Means

CR£

M.F.
S.K.
D.S.
M.S.
T.V.

Means

ARE

R.6.
B.B.
W.C.
R.L.
M.T.

Means

Exercise^

Right
(ft-lbs)

Left
(ft-lbs)

KE
KF
KE
KF
KE
KF
KE
KF
KE
KF
KE
KF

125
97
132
109
120
81
118
72
154
114
129.8
94.6

139
104
142
103
107
75
108
60
151
124
129.4
93.2

KE
KF
KE
KF
KE
KF
KE
KF
KE
KF
KE
KF

126
106
159
117
132
92
99
62
115
75
126,2
90.4

133
99
153
108
144
94
109
69
126
74
133.0
88.8

KE
KF
KE
KF
KE
KF
KE
KF
KE
KF
KE .
KF

104
78
128
101
119
91
98
72
117
90
113.2
86.4

97
74
127
112
127
96
98
80
104
87
110.6
89.8

®KE = Knee extension, KJ « Knee Flexion
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M/K Test
(kg/m/s)

165.64
168.84
137.45
146.54
203.22
164.33

166.51
207.65
170.28
137.40
160.42
168.45

142.92
165.41
152.64
153.26
158.35
154.51

APPENDIX J
Subjects Age, Weight, and Height with Means and Ranges

Age

Weight
(lbs)

Height
(in)

VRE
21
22
20
23
21

180
175
170
160
227

73
71
70
70
72

21,4

182.4

71.2

19
22
24
22
20

142
174
170
158
164

68
74
72
69
70

21.4

161,6

70.6

24
19
19
29
20

170
187
155
182
175

70
71
67
73
68

Mean

22.2

173.8

69.8

Range

19 to 29

142 to 227

67 to 74

Mean

ARE

Mean

CRE
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